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We analyze the geometry of positive and completely positive, trace preserving Pauli maps that are
fully determined by up to two distinct parameters. This includes five classes of symmetric and non-
invertible Pauli channels. Using the Hilbert-Schmidt metric in the space of the Choi-Jamiołkowski
states, we compute the relative volumes of entanglement breaking, time-local generated, and divisible
channels. Finally, we find the shapes of the complete positivity regions in relation to the tetrahedron
of all Pauli channels.
1. INTRODUCTION
Recently, much attention has been given to the geomet-
rical aspects of quantum channels. The questions that
have been posed consider the shape and size of the space
of channels, the properties of the underlying geometrical
structures, or the total amount of quantum maps. Due to
the calculations becoming more complex with the space
dimension, the most is known about qubit maps.
The volume occupied by the channels that can be simu-
lated by a single-qubit mixed-state environment has been
computed for the generalized depolarizing channels [1]
and the generalized amplitude damping channels [2]. For
the Pauli channels, a measure was proposed, according
to which the volume of the positive but not completely
positive, trace-preserving Pauli maps is twice the volume
of the Pauli channels [3]. Lovas and Andai [4] calculated
the relative volume of unital qubit channels using the
Lebesque measure.
For qudit case, Szarek et. al. [5] provided the bounds
for the volumes of positive, trace-preserving maps and
the subsets of completely positive, decomposable, and
superpositive qudit maps. Also, the relative volumes
of the entanglement breaking and time-local generated
generalized Pauli channels have recently been found [6].
The geometry of the channels accessible via the Lind-
blad semigroup has been considered for both the Pauli
channels [7, 8] and Weyl channels [9]. Additionally, for
the Pauli channels, the volume of non-Markovian dy-
namical maps was found for the convex combinations of
Markovian semigroups [10] and their simple generaliza-
tion [11]. For continuous variable systems, the geome-
try of the Gaussian channels has been analyzed for the
Bures-Fisher [12] and Hilbert-Schmidt [13] metrics.
This paper is a continuation of ref. [14], where we
considered the geometry of the Pauli channels character-
ized by three distinct, non-zero parameters. Using the
Hilbert-Schmidt metric on the space of the associated
Choi-Jamiołkowski states, the general forms of the line
and volume elements were derived. By integrating the
volume element over suitable regions, we computed the
volumes of channels that are entanglement breaking, di-
visible, or obtainable through time-local generators.
This paper aims to answer the question to what ex-
tent the formalism of quantum channels and dynamical
maps generated from master equations are compatible.
For time-local master equations, this is quantified by the
amount of the channels obtainable through time-local
generators with respect to all channels. The volume ex-
pressions help us to learn more about the specific subsets
of quantum channels. The volume ratios are often inter-
preted as probabilities that a randomly chosen channel
possesses the requested properties.
In the forthcoming sections, we apply our earlier re-
sults to the Pauli channels characterized by no more than
two distinct parameters. This class was completely omit-
ted in ref. [14]. It includes the non-invertible Pauli chan-
nels, where at least one of the three parameters vanishes,
as well as the Pauli channels with additional symmetries,
whose eigenvalues are degenerated. For each case, we
present the integration regions and derive the volumes of
positive and completely positive, trace-preserving Pauli
maps. Next, we analyze and compare the relative vol-
umes between different classes of the Pauli maps. We
illustrate our results by plotting the crossections of their
complete positivity regions with the tetrahedron of all
Pauli channels. In addition, we demonstrate the volume
ratios for Pauli maps and divisible Pauli channels in two
collective charts.
2. PAULI CHANNELS AND DYNAMICAL
MAPS
Consider the trace-preserving Pauli map defined by
Λ[X] =
3∑
α=0
pασαXσα (1)
with real pα such that
∑3
α=0 pα = 1 and the Pauli ma-
trices σα. Alternatively, this map can be given via the
eigenvalue equations
Λ[σα] = λασα, (2)
where the eigenvalues λα are related to pα as follows,
λ0 = 1, λk = 2(p0 + pk)− 1. (3)
Now, Λ preserves the positivity of input states provided
that [3, 15]
|λk| ≤ 1, (4)
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which is the necessary and sufficient condition for its pos-
itivity. Moreover, Λ is a quantum channel (completely
positive, trace-preserving map) if and only if [16, 17]
|1± λ3| ≥ |λ1 ± λ2|. (5)
A special class of the Pauli channels consists in the entan-
glement breaking channels. These are the channels that,
when extended to 1lN ⊗Λ with any N -dimensional iden-
tity map, always produce separable output states. The
necessary and sufficient condition for the Pauli channel
to break quantum entanglement is given by [18]
3∑
k=1
|λk| ≤ 1. (6)
Quantum channels are usually used to describe dis-
crete changes of a physical system. Examples include
quantum processing, noise effects on quantum register,
and quantum measurement [19]. However, there is a way
to model continuous time-evolution using the families
{Λ(t)|t ≥ 0,Λ(0) = 1l} of time-parameterized quantum
channels Λ(t), known as dynamical maps. The simplest
example of the Pauli dynamical map is the Markovian
semigroup Λ(t), which solves the master equation
Λ˙(t) = LΛ(t), Λ(0) = 1l. (7)
The time-independent generator L has the Gorini-
Kossakowski-Sudarshan-Lindblad (GKSL) form [20, 21]
L[ρ] = 1
2
3∑
k=1
γk(σkρσk − ρ), (8)
where γk ≥ 0. Non-Markovian effects of quantum evo-
lution are included via the time-local generators L(t).
They have the GKSL form, but their decoherence rates
γk(t) no longer have to be positive. The eigenvalues of
the corresponding dynamical map Λ(t) read [22]
λk(t) = exp
−∑
j 6=k
∫ t
0
γj(τ) dτ
 . (9)
It is important to note that a Pauli channel Λ is obtain-
able from the Pauli dynamical map Λ(t) by fixing the
time t = t∗ ≥ 0. However, this is possible if and only if
∀k=1,2,3 λk ≥ 0. (10)
We call these channels obtainable from time-local gener-
ators.
3. VOLUME OF PAULI CHANNELS
Consider the geometry of Pauli maps Λ in the sub-
space of state space defined by the Choi-Jamiołkowski
isomorphism [23, 24]
ρΛ =
1
2
1∑
i,j=0
|i〉〈j| ⊗ Λ[|i〉〈j|]. (11)
We equip this space with the Hilbert-Schmidt metric
g = 14diag(1, 1, 1) induced by the line element ds
2 :=
Tr( dρΛ)
2. For general Pauli maps from eq. (1), one has
[14]
ds2 =
1
4
( dλ21 + dλ
2
2 + dλ
2
3), (12)
as well as the volume element
dV :=
√
det g dλ1 dλ2 dλ3 =
1
8
dλ1 dλ2 dλ3. (13)
The volumes of Pauli maps and Pauli channels
V (CM) =
∫
CM
dV (14)
are obtained via intergation over the regions CM; in par-
ticular,
• the positivity region from eq. (4),
CPT :=
{
λk : |λk| ≤ 1, k = 1, 2, 3
}
, (15)
• the complete positivity region determined by eq.
(5),
CCPT =
{
λ1, λ2, λ3 : |1± λ3| ≥ |λ1 ± λ2|
}
, (16)
• the region of entanglement breaking channels – see
eq. (6),
CEBC =
{
λ1, λ2, λ3 :
3∑
k=1
|λk| ≤ 1
}
, (17)
• the region given by eq. (10) that consists in the
maps obtainable from time-local generators,
CTLG =
{
λk : λk ≥ 0, k = 1, 2, 3
}
. (18)
While the formula for the line element is universal, the
volume element changes when one considers special fam-
ilies of the Pauli maps. For example, in the general case,
the channels with even a single λk = 0 have no input into
the volume, and yet relative volumes for such maps can
still be computed. In the following subsections, we re-
strict our attention to the subspaces of symmetric (with
degenerated eigenvalues) or non-invertible (with vanish-
ing eigenvalues) Pauli channels, and we analyze their ge-
ometrical properties.
3.1. One-parameter channels
First, let us consider the Pauli channels that are fully-
determined by one real parameter λ 6= 0. Such channels
occupy the line segments that lie inside the tetrahendron
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FIG. 1: A graphical representation of the range of eigenvalues
λ1, λ2, λ3 that correspond to the one-parameter channels
(bold line segments) with one (top), two (middle), and three
(bottom) identical non-zero eigenvalues. The gray regions are
the faces of the tetrahedron of all Pauli channels.
of all Pauli channels (see Fig. 1). The underlying mani-
folds are one-dimensional, hence the associated volumes
are simply the lengths of the line segments.
The easiest example of a one-parameter channel corre-
sponds to the choice
{λ1, λ2, λ3} = {λ, 0, 0}, (19)
where there is only one non-zero eigenvalue λ. These
channels are known in literature as axial or linear [25].
Evidently, they are non-invertible, as two of the eigenval-
ues are always equal to zero. One finds
ds2 =
1
4
dλ2, dV =
1
2
dλ, (20)
and also
CPT = CCPT = CEBC =
{
λ : −1 ≤ λ ≤ 1
}
,
CPT ∩ CTLG =
{
λ : 0 ≤ λ ≤ 1
}
.
Hence, every positive, trace-preserving map is automat-
ically completely positive and entanglement breaking.
Moreover, V (CPT) = 1 and
V (CPT ∩ CTLG)
V (CPT) =
1
2
, (21)
so exactly half of these maps can be obtained with time-
local generators.
A more complicated case is when there are two identi-
cal non-zero eigenvalues λ,
{λ1, λ2, λ3} = {λ, λ, 0}. (22)
Such channels are both non-invertible and symmetric due
to λ being two-times degenerate. The line and volume
elements
ds2 =
1
2
dλ2, dV =
√
2
2
dλ (23)
differ from the ones in eq. (20) only by a normalization
factor. However, there is a greater variety among the
integration regions. Namely,
CPT =
{
λ : −1 ≤ λ ≤ 1
}
,
CCPT = CEBC =
{
λ : −1/2 ≤ λ ≤ 1/2
}
,
CPT ∩ CTLG =
{
λ : 0 ≤ λ ≤ 1
}
,
CCPT ∩ CTLG =
{
λ : 0 ≤ λ ≤ 1/2
}
.
Note that this time only half of the positive,
trace-preserving maps are completely positive, where
V (CPT) =
√
2, and all the channels are entanglement
breaking. Insterestingly, there are as many positive,
trace-preserving maps obtainable with time-local gener-
ators as there are quantum channels,
V (CPT ∩ CTLG) = V (CCPT) =
√
2
2
. (24)
Again, only half of the maps that belong to CPT ∩ CTLG
are completely positive. Finally, observe that there are
3
no Pauli dynamical maps that always have two identical
non-zero eigenvalues, as λ(0) = 1 /∈ CCPT.
Lastly, one can also have three identical non-zero eigen-
values λ,
{λ1, λ2, λ3} = {λ, λ, λ}. (25)
The channel whose all eigenvalues are equal is called the
depolarizing channel, and λ is the degree of depolariza-
tion. They are highly symmetric and the only invertible
maps in this subsection. One has
ds2 =
3
4
dλ2, dV =
√
3
2
dλ. (26)
It is easy to check that
CPT =
{
λ : −1 ≤ λ ≤ 1
}
,
CCPT = CEBC =
{
λ : −1/3 ≤ λ ≤ 1
}
,
CPT ∩ CTLG = CCPT ∩ CTLG
=
{
λ : 0 ≤ λ ≤ 1
}
.
Now, the volumes of all positive and completely positive,
trace-preserving Pauli maps are
V (CPT) =
√
3, V (CCPT) = 2
√
3
3
. (27)
Only half of the Pauli channels break quantum entangle-
ment, and just another half of them can be generated by
time-local generators. The volume ratios for the maps
with positive eigenvalues differ,
V (CPT ∩ CTLG)
V (CPT) =
1
2
,
V (CCPT ∩ CTLG)
V (CCPT) =
3
4
, (28)
even though V (CPT ∩ CTLG) = V (CCPT ∩ CTLG).
To summarize, the volume of all one-parameter Pauli
maps that are positive and trace-preserving is different
for every distinct class. This leads to the volumes of
Pauli channels and their subclasses being unequal, as
well. However, there are some similarities shared by all
one-parameter maps. Namely, half of the positive, trace-
preserving maps are obtainable with time-local gener-
ators, and every channel is entanglement breaking. A
more detailed comparison is presented in Fig. 4.
3.2. Two-parameter channels
Now, we analyze the Pauli channels defined by two real
non-zero parameters λ 6= η. Let us start with the maps
that have two distinct non-zero eigenvalues,
{λ1, λ2, λ3} = {λ, η, 0}. (29)
The channels defined by the above choice of λk are both
non-symmetric and non-invertible. As shown in Fig. 2,
FIG. 2: A graphical representation of the range of eigenvalues
λ1, λ2, λ3 that correspond to the two-parameter channels
(gray flat surfaces) with two distinct non-zero eigenvalues.
From top to bottom, these are the complete positivity regions
for λ1 = 0, λ2 = 0, and λ3 = 0, respectively. The dark gray
parts correspond to the channels obtainable with time-local
generators.
they live in crossections of flat surfaces with the tetrahen-
dron of all Pauli channels. Note that the complete pos-
itivity regions are squares with edges lying on the faces
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of the tetrahedron. One finds
ds2 =
1
4
( dλ2 + dη2), dV =
1
4
dλ dη, (30)
along with
CPT =
{
λ, η : −1 ≤ λ ≤ 1, −1 ≤ η ≤ 1
}
,
CCPT = CEBC =
{
λ, η : −1 ≤ λ ≤ 1,
− 1 + |λ| ≤ η ≤ 1− |λ|
}
,
CPT ∩ CTLG =
{
λ, η : 0 ≤ λ ≤ 1, 0 ≤ η ≤ 1
}
,
CCPT ∩ CTLG =
{
λ, η : 0 ≤ λ ≤ 1, 0 ≤ η ≤ 1− λ
}
.
The volume of positive, trace-preserving maps is
V (CPT) = 1, which is exactly twice the volume of com-
pletely positive, trace-preserving maps. In this family
of two-parameter maps, every Pauli channel is entangle-
ment breaking. Finally, the relative volumes of positive
and completely positive maps that are obtainable with
time-local generators are both the same and equal to
V (CPT ∩ CTLG)
V (CPT) =
V (CCPT ∩ CTLG)
V (CCPT) =
1
4
. (31)
The final example are the channels with two identical
and one different non-zero eigenvalues,
{λ1, λ2, λ3} = {λ, λ, η}. (32)
It is easy to see that they are symmetric and invertible.
In Fig. 3, we see that the complete positivity regions are
isosceles triangles with bases collinear with the edges of
the tetrahedron. The line and volume elements read
ds2 =
1
4
(2 dλ2 + dη2), dV =
√
2
4
dλ dη. (33)
The integration regions are even more involved,
CPT =
{
λ, η : −1 ≤ λ ≤ 1, −1 ≤ η ≤ 1
}
,
CCPT =
{
λ, η : −1 ≤ η ≤ 1,
− (1 + η)/2 ≤ λ ≤ (1 + η)/2
}
,
CEBC =
{
λ, η : −1 ≤ η ≤ 1,
− (1− |η|)/2 ≤ λ ≤ (1− |η|)/2
}
,
CPT ∩ CTLG =
{
λ, η : 0 ≤ λ ≤ 1, 0 ≤ η ≤ 1
}
,
CCPT ∩ CTLG =
{
λ, η : 0 ≤ η ≤ 1, 0 ≤ λ ≤ (1 + η)/2
}
,
CEBC ∩ CTLG =
{
λ, η : 0 ≤ η ≤ 1, 0 ≤ λ ≤ (1− η)/2
}
,
Observe that this is the only family of one or two-
parameter Pauli channels where not every channel breaks
FIG. 3: A graphical representation of the range of eigenval-
ues λ1, λ2, λ3 that correspond to the two-parameter channels
(gray flat surfaces) with two identical and one different non-
zero eigenvalues. From top to bottom, these are the complete
positivity regions for λ1 = λ2, λ2 = λ3, and λ3 = λ1, re-
spectively. The dark gray parts correspond to the channels
obtainable with time-local generators.
quantum entanglement. Indeed, there is an equal amount
of the channels that are and are not entanglement break-
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ing, as
V (CEBC)
V (CCPT) =
1
2
. (34)
Meanwhile, half of the positive, trace-preserving Pauli
maps are also quantum channels, where one has
V (CPT) =
√
2. As for the maps obtainable with time-
local generators, the relative volumes read
CPT ∩ CTLG
CPT =
CEBC ∩ CTLG
CEBC =
1
4
(35)
and
CCPT ∩ CTLG
CCPT =
3
8
. (36)
The well-known channels that belong to the class given
by eq. (32) are the two-Pauli channels [26] with
{λ1, λ2, λ3} = {1− λ, 1− λ, 1− 2λ}, (37)
as well as the bit flip, phase flip (phase damping, dephas-
ing), and bit-phase flip channels [25] represented by
{λ1, λ2, λ3} = {1, 1− 2λ, 1− 2λ}. (38)
Both of them are the one-parameter maps with
CPT = CCPT =
{
λ : 0 ≤ λ ≤ 1
}
(39)
and
CCPT ∩ CTLG =
{
λ : 0 ≤ λ ≤ 1/2
}
. (40)
Therefore, all positive, trace-preserving dephasing and
two-Pauli maps are completely positive, half of which are
generatable with time-local generators. However, their
entanglement breaking properties differ. For dephasing
channels, one finds that CEBC = {λ : 1/2 ≤ λ ≤ 1},
which means that half of dephasing channels break entan-
glement. However, for the two-Pauli channels, CEBC =
{λ : λ = 1/2}, so this class consists in exactly one en-
tanglement breaking channel with volume zero.
To summarize, the volume of Pauli maps that are posi-
tive and trace-preserving depends on the number of non-
zero eigenvalues but not on their degeneracy. Moreover,
for two-parameter maps, the relative volumes of Pauli
channels and time-local generated positive maps with re-
spect to the positive, trace-preserving maps coincide. For
more details, see Fig. 4.
FIG. 4: A quantitative representation of the relative vol-
umes for one and two-parameter positive, trace-preserving
Pauli maps.
4. P, CP AND L-DIVISIBILITY
A quantum channel Λ is divisible if it is decomposable
into Λ = V Λ′, where V and Λ′ denote a non-unitary,
trace-preserving map and a quantum channel, respec-
tively. If V is positive, then Λ is called P-divisible. Ana-
logically, if V is completely positive, then Λ is referred
to as CP-divisible. In addition to P and CP-divisibility,
one can introduce an even more restrictive notion of L-
divisibility. By definition, Λ is L-divisible if and only if
there exists L such that Λ = expL [27].
In the theory of open quantum systems, the P and
CP-divisibility properties of dynamical maps are used
to determine non-Markovianity of quantum evolution.
Namely, if Λ(t) = V (t, s)Λ(s) for s ≤ t is CP-divisible,
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then the associated evolution is Markovian according
to ref. [28]. A PnCP-divisible dynamical map (i.e.,
P-divisible but not CP-divisible) is called weakly non-
Markovian [29, 30], and it describes the dynamics with no
information backflow from the system to the environment
[31]. Finally, a quantum dynamical map is L-divisible if
and only if it a Markovian semigroup [32].
For the Pauli channels, all the information about di-
visibility is encoded in their eigenvalues λk [33]. Namely,
the necessary and sufficient condition for P-divisibility
reads
λ1λ2λ3 ≥ 0. (41)
This trivially holds for non-invertible channels, which are
also CP-divisible if and only if
∃! k λk 6= 0. (42)
Meanwhile, invertible Pauli channels are CP-divisible if
and only if
0 < λ1λ2λ3 ≤ λ2k, (43)
Finally, the property of L-divisibility is equivalent to [32]
λjλk ≤ λm (44)
for mutually different j, k,m. The associated regions of
integration, which lie inside the CCP region, are denoted
by CP-div, CCP-div, and CL-div, respectively.
Now, let us analyze the divisibility of the Pauli chan-
nels considered in the previous section, starting with the
one-parameter channels.
Example 1. For the channels with only one non-zero
eigenvalue λ, the P and CP-divisibility conditions coin-
cide. One has
V (CP-div) = V (CCP-div) = V (CCPT) = 1. (45)
Moreover, every L-divisible channel is time-local gener-
ated and vice versa, so they are twice less numerous than
CP-divisible channels.
Example 2. Every Pauli channel with two identical non-
zero eigenvalues λ that is obtainable with a time-local
generator is P-divisible, and
V (CP-div)
V (CCPT) =
1
2
. (46)
None of these channels are CP or L-divisible, however.
For that reason, V (CCP-div) = V (CL-div) = 0.
Example 3. For the isotropic channels with all λk = λ,
the L-divisibility condition simplifies to 0 ≤ λ ≤ 1.
Therefore, CL-div coincides not only with the P and CP-
divisibility regions but also with CCPT ∩ CTLG. The cor-
responding volumes are
V (CP-div) = V (CCP-div) = V (CL-div) =
V (CCPT ∩ CTLG) =
√
3
2
.
(47)
Unsurprisingly, one can notice many intersections be-
tween the divisibility regions. Next, let us move our at-
tention to the two-parameter channels.
Example 4. The Pauli channels with two different non-
zero eigenvalues λ, η always satisfy the P-divisibility con-
dition, and so
V (CP-div)
V (CCPT) = 1. (48)
Similarly to the non-invertible channels from Example 2,
V (CCP-div) = V (CL-div) = 0.
Example 5. In the last example, we take the channels
that have two identical λ and one different η non-zero
eigenvalues. In this case, the integration regions become
CP-div =
{
λ, η : 0 ≤ η ≤ 1, |λ| ≤ (η + 1)/2
}
,
CCP-div = CL-div =
{
λ, η : 0 ≤ η ≤ 1, −√η ≤ λ ≤ √η
}
,
CP-div ∩ CTLG =
{
λ, η : 0 ≤ η ≤ 1, 0 ≤ λ ≤ (η + 1)/2
}
,
CCP-div ∩ CTLG =
CL-div ∩ CTLG =
{
λ, η : 0 ≤ η ≤ 1, 0 ≤ λ ≤ √η
}
.
Note that this is the only family of Pauli channels where
CCP-div = CL-div 6= ∅. One finds that
V (CP-div)
V (CCPT) =
3
4
, (49)
V (CCP-div)
V (CCPT) =
V (CL-div)
V (CCPT) =
2
3
, (50)
and, for the channels obtainable with time-local genera-
tors,
V (CP-div ∩ CTLG)
V (CCPT ∩ CTLG) = 1, (51)
V (CCP-div ∩ CTLG)
V (CCP ∩ CTLG) =
V (CL-div ∩ CTLG)
V (CCP ∩ CTLG) =
8
9
. (52)
Interestingly, there are relatively more divisible channels
of each type in the CTLG region than outside of it.
For the completeness sake, we observe that every two-
Pauli channel is PnCP-divisible, whereas all dephasing
channels are L-divisible. Moreover, for the Pauli channels
with three distinct eigenvalues, one has CL-div = CCP-div∩
CTLG.
In conclusion, we observe that the CP and L-
divisibility regions coincide for all channels considered
in Examples 2–5. If the Pauli channel has two non-zero
eigenvalues, then V (CCP-div) = V (CL-div) = 0. This re-
sult agrees with ref. [34], where the authors showed that
if a qubit map has exactly one vanishing eigenvalue, then
7
FIG. 5: A quantitative representation of the relative volumes
for one and two-parameter Pauli channels.
it is not CP-divisible. Additionally, the time-local gen-
erated channels that are not P-divisible form a null set,
as
V (CP-div ∩ CTLG)
V (CTLG) = 1. (53)
Every one-parameter channel with three identical eigen-
values that is P-divisible is automatically L-divisible, as
well. For a graphical illustration of the relative volumes,
refer to Fig. 5.
5. CONCLUSIONS
In this paper, we analyze the geometry of positive,
trace-preserving Pauli maps and Pauli channels with de-
generated or vanishing eigenvalues. In particular, we
analytically calculate their volumes using the Hilbert-
Schmidt volume element of the corresponding Choi-
Jamiołkowski states. Next, we find the relative volumes
for special subclasses of the Pauli channels, including the
maps that are divisible or obtainable with time-local gen-
erators.
Our results can be interpreted as the probability that
the Pauli channel that belongs to a specific class has cer-
tain properties. Interestingly, even if we know nothing
about the channel eigenvalues, we still possess some par-
tial knowledge about the relative volumes. The time-
local generated channels that are not P-divisible have
volume zero, so they form at most a null set. Also,
the volumes of CP and L-divisible channels with positive
eigenvalues for channels with two non-zero eigenvalues
are zero.
In further work, one can consider the geometry of other
quantum channels, like amplitude damping channels or
generalizations of Pauli channels. However, working with
higher-dimensional systems may require some numerical
calculations. An interesting open problem is to establish
whether the channel volumes depend on the choice of
the metric. Comparing the shape and size of the Choi-
Jamiołkowski states in the space of all quantum states
can shed some light on the structure of quantum chan-
nels. Another task would be to analyze how the relative
volumes of dynamical maps change in time under legiti-
mate quantum evolution.
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